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1
IMAGE SENSOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to sensors, and more particu-
larly, to 1image sensors.

2. Description of the Prior Art

Digital cameras are commonly used today. Typically, a
digital camera contains 1mage sensors which convert light
into electrical charges. These image sensors can be divided
into two broad categories according to the applied manufac-
turing process: CCD (Charge-Coupled Device) sensors; and
CMOS (Complementary Metal Oxide Semiconductor) image
sensors, where the CMOS 1mage sensors (CIS) are based on
CMOS technologies. Since the CMOS 1mage sensors are
compatible with typical CMOS {abrication processes, an
integration of additional signal processing logic on the same
substrate on which the sensor array 1s disposed 1s permitted.

In addition, the trend 1s for the pixel sizes of the CMOS
image sensors to become smaller and smaller; however, these
reduced sizes of pixels and pixel arrays affect the perfor-
mance of the CIS system.

The CIS system traditionally applies Front Side Illumina-
tion (FSI) technology to form the pixels of the pixel array. In
FSI CMOS 1mage sensors, light travels to a photo-sensing
area through the front side of the pixel. This means that the
incident light has to first pass through dielectric layers, and
metal layers before 1t strikes the photo-sensing area, causing,
low quantum etficiency (QE), serious cross talk between pix-
els, and dark current.

Another type of CMOS 1mage sensor 1s BSI (Back Side
1llumination) CMOS 1mage sensors. Back Side 1llumination
technology was used 1n pixels of CCD 1mage sensors. Instead
of 1lluminating a CMOS 1mage sensor from the top (ifront)
side of the silicon die, a BSI CMOS 1mage sensor applies the
color filters and the microlens to the back side of the pixels so
that the incident light 1s collected tfrom the back side of the
image sensor. Compared to the FSI CMOS 1mage sensors, the
BSI CMOS 1mage sensors have less light loss, reduce
crosstalk, and better quantum efficiency.

Both the FSI CMOS 1mage sensors and BSI CMOS 1mage

sensors, however, need to improve their performance and
reduce their disadvantages such as cross talk, and light loss.
Therefore, there 1s a demand for the provision of CMOS
image sensors with better performance.

SUMMARY OF THE INVENTION

One objective of the present ivention 1s therefore to pro-
vide a novel structure of image sensors to improve quantum
eificiency and the performance of CMOS 1mage sensors. The
present invention provides a light shield(s) mto the CMOS
image sensors, the light shield(s) being positioned around at
least one side of the pixel, to reflect the portion of the incident
light striking the light shield back to the corresponding pixel,
thereby eflectively promoting quantum efficiency together
with less cross talk and reduced light loss.

According to another aspect of the present invention, an
image sensor 1s presented. The 1mage sensor comprises: a
substrate; at least a pixel; and at least a light shield, positioned
around at least one side of the pixel wherein the light shield 1s
made while forming the contact.

These and other objectives of the present mnvention will no
doubt become obvious to those of ordinary skill 1n the art after
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2

reading the following detailed description of the preferred
embodiment that 1s illustrated 1n the various figures and draw-
ngs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1illustrating a BSI CMOS 1mage sensor
according to a first embodiment of the present invention.

FIG. 2 1s a diagram 1llustrating implementation details of
the BSI CMOS 1mage sensor according to a first exemplary
embodiment shown 1n FIG. 1.

FIG. 3 1s a diagram 1illustrating a FSI CMOS image sensor
according to a second embodiment of the present invention.

FI1G. 4 1s diagram 1llustrating a top view of a CMOS 1mage
sensor of the present ivention.

FIG. 5 1s diagram 1llustrating a top view of a CMOS 1mage
sensor of the present invention.

DETAILED DESCRIPTION

Certain terms are used throughout the following descrip-
tions and claims to refer to particular system components. As
one skilled 1n the art will appreciate, manufacturers may refer
to a component by different names. This document does not
intend to distinguish between components that differ in name
but not function. In the following discussion and in the
claims, the terms “including’” and “comprising” are used 1n an
open-ended fashion, and thus should be interpreted to mean
“including, but not limited to . . . ” The terms “couple” and
“couples” are intended to mean either an indirect or a direct
clectrical connection. Thus, if a first device couples to a
second device, that connection may be through a direct elec-
trical connection, or through an indirect electrical connection
via other devices and connections.

Please refer to FI1G. 1. FI1G. 1 1s a diagram 1llustrating a BSI
CMOS 1mmage sensor according to a first embodiment of the
present invention. The BSI CMOS 1mage sensor 100 has a
lens 110, a color filter 120, a substrate 130, a first dielectric
layer 150, and a first metal wiring layer 160, however,
depending on the design requirements, the BSI CMOS 1mage
sensor 100 can 1include numerous elements such as a second
metal wiring layer, a third metal wiring layer and dielectric
layers in between. Moreover, as 1s well known by people
skilled 1n this art, a CMOS 1mage sensor can have a plurality
of lenses, color filters, and pixels, wherein each of the pixel
includes at last a photodiode and at least a transistor. Please
note that the structure of the BSI CMOS image sensor 100 in
FIG. 1 1s for illustrative purposes only and 1s not meant to be
a limitation of the present invention.

In FIG. 1, incident light 105 passes through the lens 110
and the color filter 120 to a pixel 135. The lens 110 1s above
the substrate 130 and 1t can be a microlens 1n a preferred
embodiment of the present invention. The pixel 135 includes
a photodiode 180 for transferring the photons of light into

clectric charges accordingly, where there are usually shallow
trench 1solation (ST1) area(s) 132-1 and 132-2 situated on

cach side of the pixel 135. The BSI CMOS 1mage sensor 100
also has a contact 1535 placed in the first dielectric layer 150
which connects a gate structure 140 with a metal wire 165,
and the gate structure 140 1s a portion of a transistor (not
shown) which corresponds to the pixel 135. Since not all the
incident light 105 successiully strikes the pixel 135, some of
the photons may retlect/refract into adjacent pixels and this
leads to cross talk between pixels. For promoting the perfor-
mance, the BSI CMOS 1mage sensor 100 uses a light shield
170 to guide the incident light 105 to the pixel 135. In this
way, light loss can be effectively reduced and annoying cross
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talk diminished by using the light shield 170 positioned
around at least one side of the pixel 135 for guiding at least a
portion of the incident light 105 back to the pixel 135 (or the
photodiode 180).

For increasing the quantum efficiency of the BSI CMOS
image sensor 100, the material of the light shield 170 can be
chosen to ensure that the light shueld 170 reflects the portion
of the incident light striking the light shield 170 back into the
pixel 135 and does not absorb the incident light 105. Please
note that the material of the light shield 170 1s not restricted as
long as 1t fits at least one o the above conditions. For instance,
with proper design considerations, the light shield 170 can be
made of either solid or liquid material. In one preferred
embodiment, the light shield 170 1s made of metal. In addi-
tion, to reduce the complexity of the fabrication process, the
light shield 170 can be made while forming the contact 155,
and the material of the light shield 170 can be the same as that
selected for the contact 155, thereby reducing the production
cost. That 1s, 1n some preferred embodiments, the material of
the light shield 1s a metal material that used to form the
contact 155. Please note that the location of the light shield
170 and the material of the light shield 170 of the present
invention are for illustratively proposes only and not meant to
be a limitation of the present invention. For instance, with
proper design adjustments, the light shield 135 can be placed
in other structure(s) of the BSI CMOS 1mage sensor 100
around the pixel, to reduce light loss and diminish cross talk
between the adjacent pixels. All these alternative designs fall
within the scope of the present mnvention.

Please refer to FIG. 2. FIG. 2 1s a diagram 1llustrating
implementation details of the BSI CMOS 1mage sensor of a
first embodiment shown 1n FIG. 1. In the BSI CMOS image
sensor 200 the incident light 105 1s guided to strike the pixel
135 through the color filter 120 via the light shield 170. The
light shield 170 1s placed around the pixel 135 to block most
of the incident light 105 and makes the portion of the incident
light 103 that strikes the light shield 170 be reﬂected back into
the pixel 135, thereby promoting quantum efficiency and
reducing the cross talk of the BSICMOS 1image sensor 100. In
addition, the pixel 135 includes a photodiode 180 and a tran-
sistor 190, and a gate structure 140 1s a proportion of the
transistor 190. Herein the light shield 170 1s made while
forming the contact 155, and the material of the light shield
170 can be chose to be the same at that of the contact 155.

In addition, in FIG. 2, the gate structure 140 which 1s
connected to a metal wire (not shown) via a contact 155.
Moreover, 1n some preferred embodiments, for further
improving the performance of the BSI CMOS 1mage sensor
200, the matenal of the light shield 170 can be chosen not to
absorb the incident light to turther reduce light loss. That is,
the material of the light shield 170 can vary depending on the
design requirements, for imstance, 11 needed, the light shueld
170 can be made of either liquid or solid material. Besides
BSI CMOS 1mage sensors, the present invention can also be
applied to the FSI technology 1n the manufacturing of FSI
CMOS 1mage sensors.

Please refer to FIG. 3. FIG. 3 1s a diagram 1illustrating a FSI
CMOS 1mage sensor 300 according to a second embodiment
of the present mnvention. The FSI CMOS 1mmage sensor 300
has a lens 110, a color filter 120, a substrate 130, a first
dielectric layer 150, and a first metal wiring layer 160. The
pixel 135 1s used for transferring the photons into electric
charges accordingly, where shallow trench 1solation (STT)
area(s) 132-1 and 132-2 are situated on each side of the pixel
135. The FSI CMOS image sensor 300 further includes a
contact 155, a gate structure 140 and a metal wire 165. And
the gate structure 140 1s a portion of a transistor (not shown),
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wherein the pixel 135 includes a photodiode 180 and the
transistor. Since the structure and the operations of the FSI
CMOS 1mage sensor 300 are well known by people skilled 1n
this art, and the differences between the BSI CMOS 1mage
sensors and the FSI CMOS 1mage sensors are disclosed 1n
previous paragraphs, further description 1s omitted here for
the sake of brevity.

Similar to the aforementioned BSI CMOS image sensor
100 1n the first exemplary embodiment, 1n FIG. 3, the light
shield 170 1s placed around the pixel 135. Furthermore, the
light shield 170 1s made while forming the contact 155, and
the material of the light shield 170 can be chose the same as
that of the contact 155. In some preferred embodiments, the
material of the light shield 1s a metal material that used to
form the contact 155. However, the material of the light shield
170 can vary depending on the design requirements, for
istance, 1t can be made of eirther solid or liquid material. In
fact, all material capable of reflecting the incident light 105
back to the pixel 135 can be chosen to make the light shield
170. Moreover, the matenial of the light shield 170 can be
turther selected so that the light shield 170 does not absorb the
incident light 105 to further promote quantum efficiency and
reduce cross talk.

In addition, when the material of the light shield 170 is the
same as that selected for the contact 155, the production cost
thereby 1s reduced. Furthermore, the shape of the light shield
170 1s allowed to vary depending on the design requirements.
All these alternative designs fall within the scope of the
present invention.

Please refer to FI1G. 4 and FIG. 5 1n conjunction with FIG.
1~-FI1G. 3. FIG. 4 1s a diagram 1illustrating a top view of a
CMOS 1mage sensor of the present invention. FIG. 5 1s a
diagram 1illustrating a top view of a CMOS 1mage sensor

according to another embodiment of the present invention. In
FIG. 4, the light shield 470 of the CMOS 1mage sensor 400 1s

a slot-shaped sidewall and 1n FIG. 5, the light shield 570 of the
CMOS 1mage sensor 500 1s an 1sland-shaped sidewall. More-
over, as previously mentioned, the shape of the light shield of
the present invention can vary depending on the design
requirements. For instance, i a further embodiment of the
present invention, the light shield i1s finger-shaped. The afore-
mentioned descriptions of the shapes of the light shields of the
present invention are for illustratively purposes only, all the
alternative shapes of the light shields can promote the pertor-
mance of the image sensors of the present invention obey and
fall within the scope of the present invention.

In addition, the location of the light shield(s) i1s not
restricted, 1t can be placed around at least one side of the pixel
anywhere within the pixel of the CMOS 1mage sensors. All
these alternative designs obeying the spirit of the present
invention fall within the scope of the present invention.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.

What 1s claimed 1s:

1. An 1image sensor, comprising;:

a substrate;

at least a pixel, wherein the pixel includes a photodiode and
at least a transistor, and the transistor 1s connected to a
metal line via a contact; and

at least a light shield, positioned around at least one side of
the pixel, wherein the light shield 1s made while forming
the contact, and the light shield 1s liquid;

wherein the 1mage sensor further has a shallow trench
1solation (S'T1) area placed outside the photodiode, and

the light shield 1s placed on the STT area.



US 8,692,304 B2

S

2. The image sensor of claim 1, wherein the light shield
reflects at least the portion of the imncident light striking the
light shield back to the pixel.

3. The image sensor of claim 1, wherein the light shield
does not absorb the portion of the incident light striking the
light shield.

4. The image sensor of claim 1, wherein the light shield 1s
an 1sland-shaped sidewall.

5. The image sensor of claim 1, wherein the light shield 1s
a slot-shaped sidewall.

6. The image sensor of claim 1, wherein the light shield 1s
a finger-shaped sidewall.

7. The image sensor of claim 1, wherein the 1image sensor
employs a back side 1llumination (BSI) technology.

8. The image sensor of claim 1, wherein the image sensor
1s a Complementary Metal Oxide semiconductor (CMOS)
SENnsor.

9. The image sensor of claim 1, further comprising a metal
layer above the light shield at the front side of the pixel.
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10. The image sensor of claim 1, further comprising a lens 20

at the back side of the pixel.
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